Amino acid conservation in animal glucokinases. Identification of residues implicated in the interaction with the regulatory protein.
To delineate the regions of liver glucokinase that are involved in the binding of its regulatory protein and have therefore been conserved throughout evolution, we have cloned the cDNA of the Xenopus laevis enzyme. It contains an open reading frame of 1374 nucleotides and encodes a protein of 458 amino acids, which displays 78 and 79% overall identity to rat and human liver glucokinases, respectively. The conserved regions are predicted to be present mainly in the small domain and the hinge region of glueokinase, and the nonconserved regions in the large domain of the enzyme. We constructed five mutants of Xenopus glucokinase by replacing sets of 2-5 glucokinase-specific residues with their counterparts in the C-terminal half of rat hexokinase I. The affinity for the regulatory protein was not markedly changed for mutants B, D, and E despite a decreased affinity for glucose in mutants B and D. Two other mutants (A and C) were 9- and 250-fold less sensitive to the rat regulator and 40- and 770-fold less sensitive to the Xenopus regulator, respectively, but presented a normal affinity for glucose. The double mutant (A-C) was completely insensitive to inhibition by the regulatory protein. A control mutant (F), obtained by replacing 3 residues that were not conserved in all glucokinases, had a normal affinity for glucose and for the regulatory protein. The property of glucokinase to be inhibited by palmitoyl-CoA was not affected by the mutations described. It is concluded that His-141 to Leu-144, which are located close to the tip of the small domain, as well as Glu-51 and Glu-52, which are present in the large domain of the enzyme close to the hinge region, or nearby residues participate in the binding of the regulatory protein.